Abstract Aim-The elucidation of the structure of the 5' flanking region and the exonic organisation of the human cysteine dioxygenase type I gene. Methods-Material for sequence studies was generated by polymerase chain reaction (PCR) methods using human genomic DNA, a cosmid clone containing the entire gene, and a commercial gene walking kit.
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Results and Conclusions-The gene was found to be -12 kb in length and made up of five exons (418, 78, 155, 170 , and 731 base pairs, respectively). The immediate 5' flanking region did not contain the canonical TATAA box. One DNA source (Clontech promoter finder kit) contained a liver specific nuclear factor response element approximately 550 base pairs from the transcription start site, whereas a second source did not. This and other cis acting factors in the 5' flanking region were identified by computer analysis. The physiological significance of such elements requires detailed experimental evaluation. (7 Clin PRathol: Mol Pathol 1997;50:269-27 1) Keywords: cysteine dioxygenase; liver; brain facts is unclear. Only the enzyme mediating hepatic cytosolic activity (CDO-I) has been characterised in detail. Rat CDO-I is a single 200 residue polypeptide (molecular weight 23 kDa) binding one Fe2" per molecule. Its primary sequence has been derived from cDNA. 7 We have reported the complete sequence of the mRNA encoding human CDO-1,' and shown that the human enzyme is encoded on chromosome 5q22-23, and the murine enzyme on chromosome 18, a region with considerable homology with human chromosome 5.9 Here, following a study using a combination of polymerase chain reaction (PCR) techniques and DNA base sequencing, we report: that the gene is in excess of 12 kb and contains five exons; the base sequence of -70% of the gene and its adjacent 5' flanking region; and the results of computer analyses of 608 base pair of the 5' flanking region.
Material and methods

TEMPLATES FOR PCR AMPLIFICATIONS
Three sources of DNA to act as templates for PCR amplification were used: (a) genomic DNA (male caucasian) extracted from white blood cells by the method of Sykes'°; (b) a clone from a cosmid library, identified as described previously9; and (c) a "promoter finder" library (Clontech, Cambridge Bioscience, Cambridge, UK). Amplicons that were the same size as that anticipated if cDNA was the template, were considered as entirely exonic. Amplicons that were larger were considered as containing intronic material. If no amplicon was produced, it was considered likely that either the primer lay across an exon-intron boundary or the intron between the primers was of such a size as to prevent amplification with this protocol.
Potentially large introns were investigated by a long range PCR strategy" using cosmid DNA I,, i . : : Figure 1 Exonic structure of the human CDO-I gene. Exons (E) shown as rectangles with introns andflanking regions shown as lines. Open rectangles denote untranslated exons and shaded rectangles denote translated exons or part exons. The sizes (base pairs) of complete exons are above the rectangle, and the parts untranslated and translated below. The size of introns andflanking regions form the uppermost layer of numbers, with italics denoting estimated sizes of introns that were not fully sequenced. The parts of the gene for which sequence data have been deposited in GenBank are denoted by the bars at the bottom of the figure. as the initial template and then genomic DNA, commercial Taq/proofreading enzyme mixtures, long primers (24-28 mers) with melting points of greater than 60°C, and an extension time of five minutes for single introns and 10 minutes for the whole gene. The 5' flanking region of the gene was amplified using the promoter finder kit from Clontech and two 28 mer primers based on the sequence of the 5' end of CDO-I cDNA. The amplifications were carried out according to the supplier's protocol, using XL-Tth DNA polymerase (Perkin Elmer, Warrington, UK).
CLONING AND SEQUENCING Small amplicons (< 2 kb) were cloned into TA cloning vector (Invitrogen, Leek, the Netherlands) and large amplicons were cloned into pMOS Blue (Amersham Life Sciences, Little Chalfont, UK). " Automated PCR sequencing was carried out using an ABI 373 sequencer (Applied Biosystems, Warrington, UK). Manual sequencing was performed using the fMol cycle sequencing kit (Promega, Southampton, UK). 
Results
In the initial analysis, 30 separate PCRs, with genomic DNA as template, were carried out using primer pairs that were between 200 and 400 base pairs apart on the cDNA and which spanned the entire length of the cDNA. Before sequencing the amplicons, the initial results suggested that the gene was some 6 kb in length and contained three introns of approximately 2 kb, 2 kb, and 1 kb. On sequencing the amplicons, it was clear that neither of the 2 kb introns represented an accurate picture of the gene. The amplicons obtained contained cDNA sequence at the 3' ends of introns but not at the 5' ends, suggesting that the actual introns were much bigger than 2 kb. The final intron of -1 kb was positioned accurately within the cDNA, because continuous sequence was obtained from cDNA at its 5' end, then through the entire length of the intron and into cDNA again. To clarify the intronic structure of the remainder of the gene a second round of amplifications was carried out using cosmid DNA as template and a long range PCR strategy. This revealed that the gene contained a total of four, not three, introns with lengths of approximately 2 kb, 2.5 kb, 5 kb, and 1 kb. Sequencing of the amplicons accurately positioned the introns within the cDNA sequence. All introns have canonical start and stop sequences. The structure of the gene is shown in fig 1, with the portions sequenced and the results submitted to GenBank indicated. Available sequence data covers approximately 70% of the gene.
Using the promoter finder kit an amplicon of -1 kb was generated that, on sequencing, was shown to contain 608 base pairs of 5' flanking region. A second amplicon of approximately 3 kb was shown to contain 2.5 kb of 3' flanking sequence.
Analysis of the 5' flanking sequence using two computer packages identified more than 100 sites each (MatInspector, 106; TFSearch, 127). The two packages gave somewhat different results, presumably because of the differences in the algorithms, although some elements were identified by both. To concentrate on what may be the physiologically most important sites, strict criteria were used to reduce the numbers. Ones that were identified by both packages using higher criteria for selection than those that form the default criteria, are highlighted in part 1 of table 1. Elements identified with somewhat less certainty are shown in subsequent sections. The most important features are: (a) the absence of a canonical TATAA box, although an element with some sequence homology to such a box is present at -37 to -42 base pairs from the -TCGCA  CTCCCCTTTT  CCTCCGACCC  GGTGGAGCGG  GTGGGGGAGA  AACGGGGCTC  GTGAGCCGTG  CTCTCCGCCT  CCAAGCGCTT   AAAAATATGT  GGACTTATTT  AAAACAGGCA  GGCTCCTCAC   CTT'lCCTCC  T-l-lGTCTA  GGAGAGGCGT  GATTGCGCGG  TTGGGAAGGC  CCCGCAGGGT  CGTCCTCCCT  AAAAGGGGCC   GTGTGTGTAT  TCACCTAGCC  CTCTCTGGCC  AATTCTCTAT  T'lTACTCAGC  CGTCCCAGCG  TAGGCCGGGC  AGCCCACGCG  GCGGAGCCCG  CTCCCCGCCT  CCGAGGGCCG  CGGGAGGGTG   ACTTAAATAA  TGGGGCATAT  TAGGAGTGGA  TTGGAAGAAG  GTCAGTCCCC  TCGCGAACCA  GGCTAAAACG  ATCCCTGGGA  GGGAAGCCGG  CCGCCACCTT  TTGGTACATT  AACCCCACAG   CGACGGCC  ATATATATAT  CGTGGATAGT  ATCCATCCTC  TGTCCCTCTC  GCAGCCATCT  CAGCGGCGGA  CGCCGTTAAA  CGCCGGAGAC  GGATGTGCGC  TCTTGGGTGG  CCTAGTGACT  ATCTGAACCT 
